Abstract-The interaction of 2,4 toluylene diisocyanate with open chain analogs of crown ethers containing potassium alcoholate groups is studied, and the mechanism of stabilization of the formed O polyisocyanate end units via intermolecular interactions is proposed. The electron delocalization in intermolecular cyclic structures may be responsible for electron transfer processes in the polymers under study.
1 An approach to the synthesis of polymers with spe cific properties is based on the introduction of molec ular objects capable of donor-acceptor interaction and formation of charge transfer complexes. As was shown by Lehn [1] , polymers with a specific complex of properties can be produced via formation of supramolecular ensembles in the polymer matrix due to ordered noncovalent interactions between macro molecular fragments. The aforementioned interac tions may be responsible for changes in the ground and excited states of macromolecular fragments that, because of cooperative effects, make it possible to endow polymers with such properties as highly spe cific recognition and electron transfer [2, 3] .
In terms of these tasks, the open chain analogs of crown ethers with potassium alcoholate end groups are promising compounds. The capacity to form bonds of the guest-host type predetermines the spe cific features of reactions with the participation of these compounds. A polymer forming system based on phenyl isocyanate and the open chain analog of crown ethers poly(oxyethylene glycol) with potassium alcoholate end groups (PEG K) was studied in [4] . This system is characterized by specific features, such as the possibility to open the isocyanate group via the carbonyl component; the accompanying formation of polyisocyanate units of the acetal type (O polyisocy anates), which is determined by the nature of an oligo mer initiator and reaction conditions; and the lumi nescent activity of the resulting polymers. Information on the polymers with O polyisocyanate chain units is limited. It is known that, in the nonstabilized state, they are labile.
The interest in the study of the molecular organiza tion of polymers synthesized from open chain analogs of crown ethers and aromatic polyisocyanates is related to the possibility to control their electrophysi cal characteristics. Moreover, the photoluminescent activity related to the formation of O polyisocyanate groups makes it possible to use these polymers as a basis for the creation of optically active polymer media. The goal of this study was to investigate (i) reaction conditions favoring formation and stabiliza tion of O polyisocyanate groups and (ii) the effect of related intermolecular interactions on the photolumi nescent activity and electrophysical properties of polymers.
EXPERIMENTAL
The experiments were conducted with the propy lene oxide-ethylene oxide block copolymer (poly ether 4202 2B 30 of the Shch brand)
where n ≈ 14 and m ≈ 51 (PPEG K); poly(oxyethylene glycol) with nine oxyethylene units that had not undergone washing to remove potassium ions (PEG K); 2,4 toluylene diisocyanate (TDI); and octamethyltetracyclosiloxane C 8 H 24 O 4 Si 4 (D 4 ).
PPEG K and PEG K were preliminarily dehy drated under vacuum for 4 h at 90-100°С and a resid ual pressure of 0.07 kPa. The content of hydroxyl groups in the polymers was determined through the acetylation method [5] , and the content of the residual water was measured via the Fischer method; TDI was purified by vacuum distillation at a residual pressure of 0.07 kPa. 1,5 Bis[3 methoxy 4 hydroxyphenyl] 1,4 penta dien 3 one (MHPPD) exhibiting photoluminescent properties was synthesized as described in [6] .
The electronic spectra of polymer samples (thin films) were recorded on an SF 2000 spectrophotome ter in the range 200-1100 nm. The allowable error was ±0.8 nm in the range 390-1100 nm and ±0.4 nm in the range 200-390 nm. Luminescence was excited by an LGI 21 pulsed nitrogen laser (a wavelength of 337.1 nm, a pulse time 10 ns, and a pulse frequency ~50 Hz).
The measurements of the specific volume electrical resistance were performed with polymer samples shaped as 1 mm thick plane-parallel plates. Indium electrodes were deposited under vacuum (1 × 10 -2 Pa) on the end sides of samples. The electrical resistance of samples at room temperature was measured on an E6 13A teraohmmeter with an allowable error of 2.5%.
RESULTS AND DISCUSSION
As was shown in [4] , during the interaction of PEG K with phenyl isocyanate, the reactions of initi ation, polymerization, cyclic trimerization, and ure thane formation occur. The rate constants of succes sive and parallel reactions were calculated via mathe matical modeling. In the same paper, the schemes of the studied reactions and kinetic equations describing changes in the concentrations of components and reaction products as a function of time are presented.
The rate constants of reactions occurring in the PEG K-TDI system were identified with the use of mathematical modeling of the kinetics of the process under study via a system of differential equations from [4] . It was found that the temperature conditions of polymer synthesis have a significant effect on the ratio of rate constants of initiation k 1 , polymerization k 2 , and formation of triisocyanurate cycles k 3 (Table 1) . Thus, relatively low temperatures facilitate polymer ization processes. It is well known [7] that the forma tion of triisocyanurate cycles via the zwitterion mech anism is preceded by formation of polyisocyanate units of the amide type (N polyisocyanates). There fore, the ratio of rate constants of cyclization and polymerization can be taken as a criterion for the probability of isocyanate groups opening via either the N=C component or CO component.
In this study, an approach making it possible to cor roborate the formation of O polyisocyanate units was based on investigation of the photoluminescent activ ity of the synthesized polymers. The photolumines cent activity was observed only for polymer films cured at relatively low temperatures. Figure 1 shows the pho toluminescence spectra for polymers based on PEG K and TDI at different molar ratios (T cur = 20°C). The luminescence spectra display maxima in two regions. At a small excess of TDI, bands at 425 and 550 nm are present. An increase in the molar excess of TDI results in a shift not only in the longwave edge of the band at 425 nm to the lower energy region but also in the maximum to 450 nm. The band at 550 nm does not shift but, owing to its overlapping with the band at 450 nm, appears as a shoulder.
The observed changes in the photoluminescence spectra are primarily associated with shifts of bands rather than the changes in their intensity. Therefore, it is believed that the photoluminescent activity of poly mers is due not only to formation of O polyisocyanate units but also to the existence of specific intermolecu lar interactions in this polymer.
For polymers obtained from PEG K and TDI and cured at 20 and 90°С, the electronic spectra were recorded (Figs. 2a, 2b) . The spectra of films cured at 20°С display absorption bands at 350-400 nm. For the original TDI and PEG K and for polymers cured at 90°С, the longwave absorption edge does not exceed 320 nm. As is known [8] , a shift in the absorp tion region of electromagnetic radiation to higher 
